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SI Materials and Methods
Mice and viral infections
Six to eight-week-old female C57BL/6 mice were purchased from Jackson Laboratory. Mice were infected with LCMV clone 13 strain (2x10 6 PFU intravenously) after CD4 T cell depletion for life-long chronic viral infections(1). LCMV D b GP33-specific TCR transgenic P14 mice were fully backcrossed to C57BL/6 mice. Two thousand P14 CD8 T cells were transferred into C57BL/6 mice, followed by LCMV Armstrong strain (2x10 5 PFU intraperitoneally) for acute infections. All animal experiments were performed in accordance with Emory University
Institutional Animal Care and Use Committee.
Purification of antigen-specific T cell subsets
Cell sorting was performed on a FACS Aria II (BD Biosciences). Splenocytes were isolated and stained as described previously(2) with fluorochrome-conjugated antibodies (from BD Bioscience and BioLegend). Memory precursor (CD127 hi KLRG1 lo ) and terminal effector (CD127 lo KLRG1 hi )
P14 CD8 T cells were sorted from acutely infected mice on day 8 post infection (p.i.), memory P14 CD8 T cells from immune mice (45 days p.i.), and PD-1 + CXCR5 + Tim-3 -stem-like and PD-1 + CXCR5 -Tim-3 + exhausted CD8 T cells from chronically infected mice (45 days p.i.). Purity was greater than 95%. Naïve CD44 lo CD8 T cells were isolated from uninfected mice.
ATAC-seq analysis
Fifty thousand sorted T cells were washed with cold 1x PBS and RSB buffer (10mM Tris-HCl (pH 7.4), 10mM NaCl, 3mM MgCl 2 ) at 4 °C followed by washing with RSB buffer containing 0.1% NP-40 and 0.1% Tween 20 and resuspension in the transposase reaction mix (25µL 2× TD buffer, w2.5µL transposase (Illumina) and 22.5µL nuclease-free water) and incubation at 37 °C for 30 min. DNA was purified with a Qiagen MiniElute kit. Library amplification was performed using Nextera PCR primers. The optimal number of cycles was determined via qPCR to stop the amplification before saturation. Final libraries were quantified using a KAPA Library Quantification Kit and sequenced on an Illumina NextSeq 500 by Stanford Functional Genomics
Facility. The ATAC-seq data are available in the Sequence Read Archive (SRA) database (http://www.ncbi.nlm.nih.gov/sra) under the accession number PRJNA546023.
In house scripts were used for trimming the adapter sequences and reads were aligned to mm10 genome using Bowtie 2. Reads which did not map to autosomal chromosomes and had mapping quality less than 20 along with PCR duplicates were discarded. Peaks were called from filtered reads using MACS2 to identify regions representing increased transposase insertion density signifying chromatin accessibility. We used FDR of 0.01 to call peaks individually on all samples and retained only those peaks which were identified in at least 2 samples. Peaks with at least 50% overlap were merged using the bedR package in R (https://www.R-project.org/) to arrive at a final peak set of 87604. Reads were assigned to peaks using the Rsubread package in R.
We used IGV for visualization of peaks, where, each sample was normalized for the total number of reads assigned to peaks and the y-axis was scaled across samples. The normalization and scaling reduced the bias caused due to sequencing depth in the peak heights. For visualization purposes, the insertion counts were smoothed using a 100-bp-radius boxcar kernel. RefSeq database was used for Gene and TSS annotations.
Principal component analysis was run using regularized log-transformed counts from the 5000 peaks with highest overall variance across the samples.
To identify differentially enriched peaks across the T cell subpopulations, we first normalized the read counts using conditional quantile normalization (CQN) accounting for the GC bias and length of peaks along with total reads assigned to peaks in each sample. The CQN normalized counts were further processed using edgeR and LIMMA packages in R to arrive at differentially enriched peak sets for comparisons across the T cell subpopulations. We used an FDR cutoff of below 0.001 and an absolute log2 fold change cutoff of above 1.5 as a criterion to filter out significantly enriched peaks in the comparisons.
Transcription factor binding motif enrichment calls
The filtered peaks were used for transcription factor binding site (TFBS) prediction analysis using HOMER(3). TFBS prediction was also run using chromVAR package(4) in R using position weight matrices of transcription factors from HOMER to determine variation in chromatin accessibility for the predicted motifs.
Transcription factor target gene sets were derived from published studies involving gene expression based on knockdown experiments or from chromatin immunoprecipitation sequencing studies for those transcription factors and subsequent selection of nearest genes to the peaks that are within 10kb upstream and 10kb downstream. TF target sets for TCF1 were obtained from published ChIP-seq experiments in splenic CD8 T cells, including the nearest genes to the peaks within 10kb (5) . Target sets for NF-kB were obtained from a comprehensive resource evaluating multiple studies for target genes (http://bioinfo.lifl.fr/NF-KB/).
Network Analysis
Genes closest to the differentially accessible sites within 10kb upstream or downstream to the peaks were selected for analysis using Ingenuity pathway analysis. RNA-seq expression fold change and p-values were used to score the genes assigned to differential peaks gaining accessibility in stem-like versus exhausted subsets to determine the enriched networks in each list. The background set to determine enrichment was limited to interactions reported in immunerelated tissues and cell lines.
Regulatory domain based region-gene associations
Differentially accessible sites were assigned to genes based on regulatory domain associations as defined by Genomic Regions Enrichment of Annotations Tool (GREAT) (6) . Briefly, each gene was assigned a basal regulatory domain 5kb upstream and 1kb downstream of the transcription start site along with an extension up to the regulatory domain of neighboring genes within 1Mb.
The quantification of differentially accessible sites assigned to each gene was used for further analysis and association with RNA-seq data.
RNA-seq analysis
Total RNA was isolated using the Direct-zol RNA Miniprep kit (Zymo Research), with oncolumn DNase digestion. RNA-seq libraries were prepared using 150 ng of total RNA and KAPA Stranded mRNA-seq Kit (Kapa Biosystems). Each library was indexed using barcoded primers (BIOO Scientific, Austin, TX) and was amplified for 10 cycles. Then, 200-to 350-bp fragments of barcoded PCR products were separated by 2% E-Gels (Thermo Fisher Scientific) and purified by Gel DNA Purification Kit (Zymo Research). Final PCR products were sequenced on an Illumina HiSeq 2500 platform. The gene-wise read counts were processed using DESeq2(7) for normalization and calculation of differential gene expression between stem-like and exhausted subsets. The RNA-seq data are available in the Gene Expression Omnibus (GEO) database (http://www.ncbi.nlm.nih.gov/geo) under the accession GSE132110. 
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